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ABSTRACT
We present the first nonparametric morphological analysis of a set of spiral galaxies from UV to submm wavelengths. Our study is
based on high-quality multi-wavelength imaging for nine well-resolved spiral galaxies from the DustPedia database, combined with
nonparametric morphology indicators calculated in a consistent way using the StatMorph package. We measure the half-light radius,
the concentration index, the asymmetry index, the smoothness index, the Gini coefficient and the M20 indicator in various wavebands
from UV to submm wavelengths, as well as in stellar mass, dust mass and star formation rate maps. We find that the interstellar dust
in galaxies is distributed in a more extended, less centrally concentrated, more asymmetric, and more clumpy way than the stars. This
is particularly evident when comparing morphological indicators based on the stellar mass and dust mass maps. This should serve as a
warning sign against treating the dust in galaxies as a simple smooth component. We argue that the nonparametric galaxy morphology
of galaxies from UV to submm wavelengths is an interesting test for cosmological hydrodynamics simulations.
Key words. galaxies: structure – galaxies: spiral
1. Introduction
The morphology of galaxies is essential to understand how
galaxies form and evolve. Galaxy morphology is the basis of
the standard classification schemes (Sandage 2005) and corre-
lates with a large range of physical properties, such as optical
colour, stellar mass, star formation history, and local environ-
ment (Dressler 1980; Conselice 2003; Bundy et al. 2005; Skibba
et al. 2009; Bluck et al. 2014). In the current era of massive
large-area surveys, an objective and automated determination of
galaxy morphology is required.
While novel approaches are being proposed on a regular ba-
sis (e.g. Huertas-Company et al. 2015; Dieleman et al. 2015;
Beck et al. 2018; Martin et al. 2020; Cheng et al. 2020; Uzeir-
begovic et al. 2020), the most popular way to quantify galaxy
morphology is to make use of morphological features or indi-
cators. These indicators are often the parameters of analytical
models fitted to the surface brightness distribution of galaxies,
such as effective radii and Sérsic parameters derived from single-
component Sérsic model fits (Bruce et al. 2012; van der Wel
et al. 2012; Kennedy et al. 2015) or bulge-to-disc ratios from
multi-component image decompositions (MacArthur et al. 2003;
Gadotti 2009; Lange et al. 2016; Méndez-Abreu et al. 2017; Gao
et al. 2018; Kruk et al. 2018; Bottrell et al. 2019).
An alternative method consists of the use of nonparamet-
ric morphological indicators, that is indicators that do not as-
sume a fixed functional form of the surface brightness dis-
tribution. The most popular sets of nonparametric indicators
are the concentration–asymmetry–smoothness (CAS) indices
(Abraham & Merrifield 2000; Bershady et al. 2000; Conselice
2003) and the Gini–M20 indices (Abraham et al. 2003; Lotz
et al. 2004). Both sets have been widely applied to optical/NIR
images of large samples of galaxies (Lotz et al. 2006; Scar-
lata et al. 2007; Conselice et al. 2009; Huertas-Company et al.
2009; Holwerda et al. 2014; Conselice 2014; Rodriguez-Gomez
et al. 2019). One interesting aspect of nonparametric morpho-
logical indicators is that they can easily be applied to any im-
age, and not only those dominated by stellar emission. As such,
they are ideal tools to objectively and quantitatively compare the
morphology of different galaxy components (Bendo et al. 2007;
Muñoz-Mateos et al. 2009; Holwerda et al. 2011; Psychogyios
et al. 2016).
No statistical nonparametric morphological studies have
been made that extend into the FIR/submm regime. Muñoz-
Mateos et al. (2009) do present measurements in the Spitzer
MIPS 70 and 160 µm bands, but indicate that most of these val-
ues should be taken with caution. Thanks to the Herschel mis-
sion, these studies can be extended to the submm range where
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Table 1. Basic properties of the galaxies in our sample. Redshift-independent distances D and RC3 types are taken from the NED database, Hubble
stages T are from Tully (1988), R25 radii are taken from HyperLeda, and inclinations are compiled from different sources as listed in the caption
of Table 1 of Casasola et al. (2017). Stellar masses, dust masses and SFRs are based on the CIGALE SED fits presented by Nersesian et al. (2019).
The pixel scale corresponds to the common 12′′ resolution used in our analysis.
NGC M D T RC3 type R25 i log M? log Mdust log SFR pixel scale
[Mpc] [arcmin] [deg] [M] [M] [M yr−1] [kpc/pix]
NGC 0628 M 74 9.0 5 SA(s)c 5.0 7 10.15 7.58 0.382 0.52
NGC 2403 – 3.5 6 SAB(s)cd 10.0 63 9.47 6.64 –0.135 0.20
NGC 3031 M 81 3.7 2 SA(s)ab 10.7 59 10.65 7.02 –0.462 0.22
NGC 3521 – 12.0 4 SAB(rs)bc 4.2 73 10.93 7.73 0.499 0.70
NGC 3621 – 6.9 7 SA(s)d 4.9 65 10.31 7.03 0.153 0.40
NGC 4725 – 13.6 2 SAB(r)ab pec 4.9 54 10.87 7.39 –0.033 0.79
NGC 4736 M 94 5.2 2 (R)SA(r)ab 3.9 41 10.39 6.39 –0.261 0.30
NGC 5055 M 63 8.2 4 SA(s)b 5.9 59 10.77 7.65 0.391 0.48
NGC 5457 M 101 7.0 6 SAB(rs)cd 12.0 18 10.15 7.67 0.677 0.41
the emission of cold dust dominates. Indeed, the angular resolu-
tion and sensitivity of Herschel are sufficient to spatially resolve
large nearby galaxies, and several detailed studies of the cold
dust emission within galaxies have been presented (e.g. Braine
et al. 2010; Bendo et al. 2010, 2012; Aniano et al. 2012, 2020;
Foyle et al. 2012; Mentuch Cooper et al. 2012; Smith et al. 2012;
Hughes et al. 2014; Mosenkov et al. 2018, 2019).
In this Paper we use multi-wavelength imaging from the
DustPedia database1 (Davies et al. 2017; Clark et al. 2018) to
present, for the first time, a nonparameteric morphological anal-
ysis of spiral galaxies from UV to submm wavelengths. Our goal
is to consistently measure how galaxy morphology changes as
function of wavelength over this wide wavelength range. We also
apply the same analysis to stellar mass, dust mass and star for-
mation rate (SFR) maps to directly quantify the morphology of
different physical galaxy components. In Sect. 2 we discuss the
sample and the data, in Sect. 3 we present the methodology we
use for our analysis, in Sect. 4 we present our results, and in
Section 5 we discuss the implications of our study.
2. Sample and data
For our analysis, we require an imaging data set of galaxies that
satisfies the following conditions: (1) the galaxies should have
high-quality imaging data available from UV to submm wave-
lengths, (2) the galaxies should be large enough on the sky to
guarantee enough angular resolution out to 500 µm, and (3) the
galaxies should not be too inclined to avoid strong projection
effects.
The DustPedia project (Davies et al. 2017) was designed
to gather a coherent multi-wavelength imaging data set for all
nearby galaxies observed with Herschel and to analyse these
data consistently with state-of-the-art modelling tools. Some
salient results of the DustPedia project include an analysis of
the dust heating mechanisms in galaxies (Nersesian et al. 2019,
2020; Verstocken et al. 2020; Viaene et al. 2020), determina-
tions of dust absorption cross section within and between galax-
ies (Bianchi et al. 2019; Clark et al. 2019), and an investigation
of the ISM scaling relations in different environments (Davies
et al. 2019; Casasola et al. 2020).
The current project is based on the large face-on galaxy sub-
sample considered by Casasola et al. (2017). They selected 18
1 http://dustpedia.astro.noa.gr
galaxies from the DustPedia database with Herschel PACS and
SPIRE imaging and with a submm diameter larger than 9 arcmin
and axis ratio larger than 0.4. From this sample, we selected the
nine galaxies for which consistent imaging data were available
over the entire UV–submm wavelength range with a smooth and
sufficiently large background area in each band. Details on the
galaxies considered are provided in Table 1. This sample, while
small, contains galaxies with Hubble types ranging from T = 2
to T = 7, and covers 1.5 orders of magnitude in stellar mass, and
more than an order of magnitude in dust mass and SFR.
For all galaxies in our sample, we use the same imaging data
as used by Casasola et al. (2017). We use images in the GALEX
FUV and NUV bands, the SDSS g and i bands, the Spitzer IRAC
3.6 and 4.5 µm bands, the WISE 12 and 22 µm bands, the three
Herschel PACS bands and the three Herschel SPIRE bands. For
some galaxies, imaging data in the SDSS bands was not avail-
able, in which case we used the available B and R band images
from the SINGS survey (Kennicutt et al. 2003) instead.
Foreground stars were removed from the GALEX, SDSS and
IRAC images based on the 2MASS All-Sky Catalog of Point
Sources (Cutri et al. 2003). All images were background sub-
tracted and corrected for Milky Way attenuation. For more de-
tails on the data reduction and processing, we refer to Casasola
et al. (2017) and Clark et al. (2018).
The final step in our image processing consists of convolv-
ing all images to the SPIRE 500 µm PSF using the convolution
kernels of Aniano et al. (2011) and re-gridding them on the same
12′′ pixel scale. The goal of our paper is to investigate how the
morphology of galaxies changes as a function of wavelength, at
a fixed resolution. By convolving all images to the same PSF, we
separate the intrinsic wavelength-dependent effects from poten-
tial additional effects due differences in angular resolution. Sys-
tematic effects on nonparametric morphological indicators due
to changes in angular resolution have been studied in detail by
various authors (e.g., Lotz et al. 2004; Bendo et al. 2007; Hol-
werda et al. 2011). These studies generally agree that the mor-
phological parameters are not affected dramatically, as long as
features smaller than about 1 kpc are resolved in the images.
Our galaxies satisfy this criterion (see Table 1).
Apart from the monochromatic broadband images, we also
considered stellar mass, dust mass and SFR maps. These were
generated as described in Casasola et al. (2017). In short, the
stellar mass maps were created from the IRAC 3.6 and 4.5 µm
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NGC0628
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GALEX FUV IRAC 3.6 WISE 22 SPIRE 350
NGC2403
T = 6
NGC3031
T = 2
NGC3521
T = 4
NGC3621
T = 7
Fig. 1. GALEX FUV, IRAC 3.6 µm, WISE 22 µm and SPIRE 350 µm images for NGC 0628 (M 74), NGC 2403, NGC 3031 (M 81), NGC 3521,
and NGC 3621. All images are convolved to the same FWHM and shown on a square root scale.
images following the prescriptions from Querejeta et al. (2015).
It is based on the Independent Component Analysis method and
disentangles the contribution of old stellar populations, PAH
emission and hot dust emission (Meidt et al. 2012). The dust
mass maps were created by fitting THEMIS model dust SEDs
(Jones et al. 2017) to each set of corresponding pixels in the
PACS and SPIRE maps. Finally, SFR surface density maps were
created combining GALEX FUV and WISE 22 µm maps accord-
ing to the prescriptions of Bigiel et al. (2008) and Leroy et al.
(2008).
Figures 1 and 2 show an overview of the GALEX FUV, IRAC
3.6 µm, WISE 22 µm and SPIRE 350 µm images for all galaxies
in our sample. All images are convolved to the same FWHM and
shown on a square root scale.
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NGC4725
T = 2
GALEX FUV IRAC 3.6 WISE 22 SPIRE 350
NGC4736
T = 2
NGC5055
T = 4
NGC5457
T = 6
Fig. 2. GALEX FUV, IRAC 3.6 µm, WISE 22 µm and SPIRE 350 µm images for NGC 4725 (M 74), NGC 4736 (M 94), NGC 5055 (M 63), and
NGC 5457 (M 101). All images are convolved to the same FWHM and shown on a square root scale.
3. Methodology
We have measured nonparametric morphology indictors for all
the maps in a consistent way using the StatMorph package2.
This is a user-friendly Python implementation for the calculation
of morphological statistics, described in detail by Rodriguez-
Gomez et al. (2019). It is largely based on previous work by
Lotz et al. (2004, 2006, 2008a,b) and has been thoroughly tested
and applied in several independent studies (e.g., Calabrò et al.
2019; Bignone et al. 2020; Wu et al. 2020).
We applied StatMorph to the series of maps of each galaxy,
with most of the settings fixed at the default values as recom-
mended by Rodriguez-Gomez et al. (2019). For each galaxy, we
created a segmentation map (Lotz et al. 2004) based on the FUV,
IRAC 3.6 µm and SPIRE 250 µm images and used it for the
analysis of all images and maps of that galaxy.
In our analysis we will concentrate on the following indices:
2 https://statmorph.readthedocs.io/en/latest/
Half-light radius The half-light radius Rhalf is calculated as the
elliptical radius of the isophote that contains half of the emis-
sion. It is probably the most widely adopted indicator for the
characteristic size of a galaxy.
Concentration The concentration index is defined as
5 log(R80/R20), where R20 and R80 are the elliptical
radii of the isophotes that contain 20% and 80% of the light,
respectively. The concentration of the light distribution
in galaxies correlates reasonably well with Hubble type
(Morgan 1958, 1959; Okamura et al. 1984; Bershady et al.
2000) and with several other physical properties such as
bulge-to-disc ratio, Mg/Fe abundance ratio and supermas-
sive black hole mass (Graham et al. 2001; Conselice 2003;
Vazdekis et al. 2004; Aswathy & Ravikumar 2018).
Asymmetry The asymmetry index is obtained by subtracting the
galaxy image rotated by 180◦ from the original image. This
indicator can be used to search for indications of galaxy in-
teractions and mergers, which often reveal strong asymme-
try. For normal star-forming galaxies, the asymmetry param-
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Fig. 3. Nonparametric morphological indicators for each of the galaxies in our sample as a function of wavelength, and for the stellar mass, dust
mass and SFR maps. The different panels correspond to the half-light radius Rhalf normalised by the optical R25 diameter (top left), the concentration
index (top right), the asymmetry index (middle left), the smoothness index (middle right), the Gini coefficient (bottom left) and the M20 indicator
(bottom right).
eter at optical wavelengths correlates with optical broadband
color (Schade et al. 1995; Conselice et al. 2000; Conselice
2003).
Smoothness The smoothness index, sometimes more appropri-
ately called the clumpiness index, was originally introduced
as a way to quantify the morphological dichotomy between
early-type galaxies without significant ongoing star forma-
tion, and late-type galaxies dominated by it. It is obtained
by subtracting a smoothed version of the galaxy image from
the original image, so galaxies with a larger value for the
smoothness index have a less smooth appearance. Smooth-
ness indices based on optical images tend to correlate weakly
with optical color and SFR (Conselice 2003).
Gini The Gini coefficient was originally introduced in eco-
nomics to measure wealth inequality (Gini 1912). In the con-
text of galaxy morphology, it indicates the spread in inten-
sity between the pixels in the aperture. It was introduced by
Abraham et al. (2003) as a generalised measure of concen-
tration that is applicable to galaxies of arbitrary shape.
M20 index The M20 indicator measures the second moment of
the brightest regions of a galaxy relative to the total second-
order central moment. This indicator is also somewhat sim-
ilar to the concentration index, but it is more sensitive to
bright structures outside the center of the galaxy, and there-
fore relatively sensitive to spiral arms, rings, multiple nuclei
and tidal structures (Lotz et al. 2004; Holwerda et al. 2014).
The Gini and M20 are often used together in order to sepa-
rate galaxies in different subclasses (e.g., Lotz et al. 2008a;
Rodriguez-Gomez et al. 2019).
The StatMorph package can also be used for Sérsic profile fit-
ting and to calculate other nonparametric morphological indica-
tors (Law et al. 2007; Freeman et al. 2013; Pawlik et al. 2016).
The six commonly used indices discussed above are sufficient
for our purposes.
4. Results
In Fig. 3 we show the six nonparametric morphology indicators
as a function of wavelength, and for the stellar mass, dust mass
and SFR maps, for each of the nine galaxies in our sample. In
Fig. 4 we show the same panel, but we focus on the global trends,
which are represented by the black symbols with error bars, rep-
resenting the mean and standard deviation within the sample.
The half-light radius Rhalf, normalised to the optical R25 ra-
dius, has a characteristic behaviour as a function of wavelength,
with large values in the FUV and a gradual decrease over the
optical regime to the NIR. In the far-infrared and submm, Rhalf
increases systematically for all galaxies in our sample, and it
reaches similar values at 500 µm as in the FUV band. Not sur-
prisingly, the Rhalf/R25 value for the stellar mass map is similar
to the IRAC band values. Interestingly, the half-mass radius of
the dust surface density map is larger than the half-light radius
measured in any of the individual FIR/submm bands.
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Fig. 4. Nonparametric morphological indicators for the galaxy sample as a whole as a function of wavelength, and for the stellar mass, dust mass
and SFR maps. The different panels are the same as in Fig. 3. The grey lines are the measurements for the individual galaxies in the sample, and
the black symbols and their error bars correspond to the mean and the standard deviation of the different indicators over our galaxy sample.
The dependence of galaxy size, defined in different ways, as
a function of wavelength has been investigated by many authors
and our results are in qualitative agreement with these studies.
The steady decline of the galaxy size from the UV to the NIR
is due to a stellar mass-to-light ratio gradient, resulting from a
combination of intrinsic stellar population gradients and stronger
reddening by dust in the inner regions (de Jong 1996; MacArthur
et al. 2003; Muñoz-Mateos et al. 2009, 2011). Conversely, the
steady increase of Rhalf/R25 from MIR to submm wavelengths is
due to a dust temperature gradient, with colder dust residing at
larger galactocentric radii (Hunt et al. 2015; Smith et al. 2016).
The larger value of Rhalf from the dust mass map compared to the
individual Herschel bands can be understood in the same way.
The dust SED fits do indeed reveal a clear temperature gradient
for the galaxies in our sample, as discussed by Casasola et al.
(2017).
The red circles in the top-left panel of Fig. 4 correspond to
results by Casasola et al. (2017). These authors measured the
scale-length h as a function of wavelength of their galaxies by fit-
ting an exponential disc to the radial surface brightness profiles.
We have converted the scale-lengths for the galaxies in our sam-
ple to half-light radii using the relation Rhalf = 1.678 h appropri-
ate for exponential discs. The agreement is excellent, except in
the optical–NIR region, where Casasola et al. (2017) find larger
values then we do here. The reason for this discrepancy is that
they determine the scale-length of the disc only, whereas we have
determined Rhalf based on the entire light distribution. The pres-
ence of a substantial bulge contribution at optical–NIR wave-
lengths naturally leads to smaller values for Rhalf in our case.
Similarly, the green symbols in the top-left panel of Fig. 4 corre-
spond to the mean effective radii for the galaxies in our sample
as determined from Sérsic fits to the 2D surface brightness maps
in five Herschel bands by Mosenkov et al. (2019). Again, the
agreement is excellent, especially taking into account the differ-
ent methods.
The concentration index shows a clear pattern when plotted
as a function of wavelength for the galaxies in our sample: it gen-
erally increases from UV to NIR wavelengths and subsequently
drops back at MIR wavelengths (top-right panel of Fig. 4). This
behaviour is in agreement with the results of Muñoz-Mateos
et al. (2009). From the MIR to submm wavelengths, the con-
centration index is characterised by a relatively modest decrease,
due to the decrease of dust temperature with increasing galacto-
centric radius. In general, the average values in the submm are
similar to the FUV value. In agreement with these trends, we find
a high concentration in the stellar mass map, and lower values in
the dust mass and SFR maps.
The centre-left panel of Fig. 4 shows a very consistent wave-
length dependence for the asymmetry index: galaxies are highly
asymmetric in the FUV, very symmetric in the NIR, and the
asymmetry then keeps rising towards submm wavelengths. This
behaviour at FUV-MIR wavelengths is in agreement with the re-
sults of Muñoz-Mateos et al. (2009). However, they find a drop-
off of the asymmetry towards the FIR for most galaxies, in dis-
agreement with our continued increase until the last submm data
point. This difference is most likely due to the poor resolution of
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Fig. 5. Correlations between the different nonparametric morphology indicators considered in this study. The grey dots correspond to the indicator
measurements for the individual galaxies in the different bands, the black crosses are the mean values. Spearman rank coefficients, based on the
indicator values of the individual galxy images, are indicated in each panel.
their Spitzer MIPS data, whereas each galaxy in our limited sam-
ple is well-resolved even in the SPIRE 500 µm band. We also
note that the asymmetries measured from the dust mass maps
are always higher than the asymmetries in each of the individual
Herschel images.
On average, the smoothness index decreases sharply from
UV to NIR wavelengths for the galaxies in our sample, imply-
ing that galaxies are more clumpy at shorter wavelengths. The
smoothness index slightly increases from the NIR all the way
to the submm. There is quite some diversity in our sample in
the smoothness indices at FIR and submm wavelengths. Interest-
ingly, the dust mass map has, again, a higher smoothness index
than any of the individual Herschel maps.
A large spread in Gini indices at UV wavelengths is seen for
the galaxies in our sample. On average, the Gini index increases
with wavelength until the NIR, where the spread is largely re-
duced, and subsequently slowly decreases towards 500 µm. The
dust mass maps have, on average, a lower Gini index than any
broadband image. Our Gini indices are smaller than those mea-
sured by Bendo et al. (2007), Muñoz-Mateos et al. (2009) or
Holwerda et al. (2011). This is most probably related to the pixel
size of the images and the aperture within which the index is
measured (Holwerda et al. 2011; Rodriguez-Gomez et al. 2019).
In our analysis, we have used the same pixel size and segmen-
tation map for all wavelengths, such that the measurements at
different wavelengths can directly be compared.
Finally, for our sample of galaxies, we see a very steady
pattern for M20 as a function of wavelength. It starts at a high
value in the UV, rapidly drops to a minimum at optical/NIR
wavelengths, and subsequently increases again in the MIR. This
behaviour is in agreement with Muñoz-Mateos et al. (2009).
Across the entire MIR–submm range, the M20 index is more or
less constant, and this is also reflected in the M20 indices of the
dust mass and SFR maps.
Comparing the different panels of Figs. 4, it is evident that
several of the nonparametric morphology indicators have a simi-
lar wavelength dependence. This is not surprising, as it has been
demonstrated that different indicators are correlated to different
degrees (Conselice 2003; Lotz et al. 2004; Scarlata et al. 2007;
Muñoz-Mateos et al. 2009). In Fig. 5 we show the correlation be-
tween the different indicators considered in this study, together
with the Spearman rank coefficients. The strongest correlations
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are those between concentration index on the one hand, and ei-
ther Gini or M20 on the other hand. The weakest correlations are
those between the half-light radius and any of the other nonpara-
metric indicators.
5. Discussion and conclusions
This study of a small sample of nearby DustPedia spiral galaxies
serves as a proof-of-concept study for the application of non-
parametric morphology over the entire UV-submm wavelength
range. In particular, it is the first application of these indices to
sufficiently resolved FIR and submm maps of galaxies and to the
stellar mass, dust mass and SFR maps of galaxies.
Nonparametric morphological studies of galaxies at optical
wavelengths are usually performed to classify galaxies into dif-
ferent classes and/or to search for signatures of recent interac-
tions (Lotz et al. 2006; Scarlata et al. 2007; Conselice et al.
2009; Huertas-Company et al. 2009; Fasano et al. 2012; Hol-
werda et al. 2014; Conselice 2014). While galaxy classification
could in principle be extended to include morphological infor-
mation at FIR/submm wavelengths, this is not obvious at all, and
this is not the main objective of this study. An in-depth analysis
of the nonparametric morphology of the entire DustPedia galaxy
sample and the link between morphology and physical properties
will be considered in future work.
Our results can have some repercussions on our understand-
ing of the structure of galaxies. Several previous studies have
already indicated that star formation is distributed in a more
clumpy and less concentrated way compared to stars in galax-
ies (e.g. Bendo et al. 2007; Muñoz-Mateos et al. 2009; Nelson
et al. 2016; Belfiore et al. 2018; Morselli et al. 2019). In this
Paper, we extend these studies to the cool interstellar dust traced
by FIR/submm emission. One important lesson that can be learnt
from Fig. 4 is that the interstellar dust in galaxies is distributed in
a more extended, less concentrated, more asymmetric, and more
clumpy way than the stars. This is clearly visible when compar-
ing morphological indicators at, for example, 3.6 and 250 µm,
or even more outspoken when comparing the indicators corre-
sponding to the stellar and dust mass maps. This should serve
as a warning sign against treating the dust in galaxies as a sim-
ple smooth component. Even more than stars, the dust distribu-
tion differs from a smooth axisymmetric, exponentially declin-
ing disc, although for the sake of simplicity this is often a con-
venient first-order approach (e.g. Xilouris et al. 1999; Bianchi
et al. 2000; Möllenhoff et al. 2006; Baes et al. 2010; Gadotti
et al. 2010; Popescu et al. 2011, 2017; De Geyter et al. 2014;
Mosenkov et al. 2018). Detailed modelling of the interaction be-
tween dust and starlight on galactic scales should attempt to take
into account the more complex morphology of the dust distribu-
tion (De Looze et al. 2014; Viaene et al. 2017, 2020; Williams
et al. 2019; Verstocken et al. 2020; Nersesian et al. 2020).
This study also has implications for our understanding of
the way galaxies evolve through cosmic times, in particular, for
numerical simulations of galaxy formation and evolution. Ma-
jor cosmological hydrodynamics simulations are usually cali-
brated and tested using statistical distributions and scaling re-
lations based on integrated luminosities or physical properties
(e.g. Vogelsberger et al. 2014; Schaye et al. 2015; Davé et al.
2019; Pillepich et al. 2019). Galaxy morphology, which is the
end product of external and internal physical processes alike,
can serve as a new and critical test-bed for such studies. Non-
parametric morphological indicators have been applied to syn-
thetic images of simulated galaxies to test the fidelity of galaxy
formation models (Snyder et al. 2015a,b; Bignone et al. 2017,
2020; Rodriguez-Gomez et al. 2019). These studies showed the
power of morphology as a test for galaxy evolution models. In
particular, the latter study demonstrated the improvement of the
TNG100 simulation (Nelson et al. 2018) compared to its prede-
cessor Illustris (Vogelsberger et al. 2014) in terms of the position
of galaxies in the Gini–M20 plane.
Our study now allows extending these morphology tests for
simulated galaxies to wavelength bands beyond the traditional
ones dominated by stellar emission. This is particularly timely
because of recent developments in cosmological hydrodynam-
ics simulations. The spatial resolution of cosmological hydrody-
namics simulations has been steadily increasing over the past
few years and, in particular, several suites of high-resolution
zoom simulations have been presented (Hopkins et al. 2014;
Wang et al. 2015; Grand et al. 2017; Font et al. 2020). A com-
plementary development is the incorporation of dust physics into
hydrodynamics simulations (McKinnon et al. 2017, 2018; Davé
et al. 2019; Aoyama et al. 2020). In combination with the im-
proved accuracy and power of radiative transfer post-processing
algorithms (Jonsson et al. 2010; Camps et al. 2016, 2018; Tray-
ford et al. 2017), this makes the morphology of galaxies from
UV to submm wavelengths an interesting test for cosmological
hydrodynamics simulations.
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